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Abstract
This preliminary work aims to formalizes observed recurring bad business-IT alignment
scenarios. This observation has been conducted subsequently to a 6-years empirical
experience of audits of about thirty companies. It considers two research questions: 1) are
there recuring BITA problems independently of the business domains? 2) how to formalize
them? 14 BITA anti-patterns have been identified. A visual representation and an identity
card are proposed to formalize them and illustrated on the 4 most encountered BITA antipatterns. A first milestone is thus proposed towards a common base of BITA anti-patterns
and open the discussion with BITA experts among researchers and practitioners, to pooling
our efforts and identify research tracks. In fact, BITA is steel a crucial challenge for
companies to have a good alignment between business and software. Moreover, handling
misalignments is becoming much more sensitive for companies to move towards adoption
of new digital capabilities in Digital Transformation challenges.
Keywords: Antipatterns, Business-IT Alignment, Information systems Governance, Digital
Transformation, Reuse.
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Introduction
While several companies and industries conduct their Digital Transformation (DT),
misalignments and bad dependencies between business processes and their supporting
software systems are discovered and become much more sensitive and even increase in
highly-dynamic contexts of digital strategy. Most companies for now have been
considering IT as an aside specialty and almost all of them have a dedicated direction or
service for IT, with an average 72% of the budget being burnt in maintenance only [36],
whereas investment in evolutions towards Business-IT alignment should represent the
higher part of budget [31]. Business-IT alignment (BITA) represents a crucial issue for
information systems. It is among the top concerns for Information Technology (IT)
leaders [2]. By Business-IT alignment, we mean the dynamic ability of a business
organization to use, in an efficient and coherent way, Information Technology (IT) to
achieve business objectives and improve its competitiveness [20,21], [16], [35]. BITA
aims at maximizing the value created by a company by aligning its digital strategy with
its business strategy. As Information Technology (IT) is skimming competition among
companies, it is becoming the strongest asset of companies and their main differentiator,
especially in the context of Digital Transformation (DT) that attracts lot of enthusiasm
this last couple of years [24], [17], [13], [26], [31], [37,38]. By considering the new trend
of digitalization and regarding its complexity, several authors argue that it’s time to shift
the paradigm for a better understanding on how to meet the challenges of IT in its several
layers (like hardware, virtualization, management tools, automation tools, operating
systems or software applications) in the issue of BITA [14], [31], [38, 39, 40]. According
to Kahre et al. [38], 48% of the CIOs in US firms spend most of their time attempting to
align their IT strategies with the overall organizational objectives. The scope of BITA is
large. We do not address strategic alignment (e.g., how to use IT do obtain competitive
advantages) but we explicitly focus on the operational nature of Business-IT alignment.
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We focus on the software part of IT, namely the business applications and the alignment
between the business functions layer and the supporting software layer. We leant on the
results, based on a six-years industrial experience, of previous audits and advices of
about thirty of IT systems in France. We formalize the observations we made by
identifying recurring bad business-IT alignment scenarios. Our article is addressed to
BITA experts, both researchers and practitioners, as a material to work on, to improve,
to complete. It represents the first milestone towards a common base of BITA antipatterns. We identified 14 BITA anti-patterns, but for reasons of space, we detail one
anti-pattern, the most frequent in our experience, and we summarize 3 other anti-patterns
that are also strongly present in the studied information systems.
The paper is organized as follows: after this introduction, Section 2 presents the
exploratory research methodology, the context of the work and the two addressed
research questions. Section 3 addresses issues and challenges of Business/IT alignment
between the four considered layers of an information system. Section 4 presents the
visual recognition and documentation, via the identity card, of BITA anti-patterns.
Section 5 illustrate in a detailed way our approach through the most important antipattern and presents a discussion about the main causes, impacts and possible solutions
to address it. Section 6 present a summary of three other important anti-patterns. Section
7 addresses related work, while Section 8 discuss the limitations of our work and opens
future research directions before concluding in Section 9.

2

Exploratory research methodology
The starting point of this work came from a brainstorming about how to bring together
academia and business in closer collaboration. Among different domains, the BusinessIT alignment concern was quickly identified. In fact, BITA problems have not yet been
solved. They are always weighing heavily on Information Systems of companies and
industries, exacerbated with the Digital Transformation trend. We took a step back and
analyzed different Information Systems previously audited by the practitioner author
and we leant on the software architecture experience of the academic author to identify,
aggregate and formalize our observations.

2.1

Context: the observed information systems

The practitioner author audited and advised 29 companies during 6 years, from 2014 to
2019 when he was the CTO of MGDIS1, a French software development and vendor
applications that targets public collectivities.
Table 1. Observed information systems.
20 Observed organizations (2014-2018)
9 Observed organizations (2018-2019)

Though it is not possible to explicitly identify the advised companies for confidentiality
reasons, the following list (Table 1) gives an overview of their characteristics. These
organizations include public agencies, like ministries, regional and departmental councils
1

http://www.mgdis.fr
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mainly in France, as well as some large cities and some mid-sized private enterprises. From
2014 to 2018, organizations that have been advised for information system alignment
projects were similar (Table 1– Left side). They were all public organizations with the almost
same business domain and following same regulation. So, recurring alignment issues
appeared to us to be just normal. In 2018, new different categories of companies (public as
well private) started to be advised (Table 1 – Right side). The same recurring alignments
issues were noticed. The experience of the first phase (2014-2018) helped to clearly and
quickly identify recurring misalignment scenarios in the second phase (2018-2019) and to
answer them. By analyzing afterwards, in 2020, the results of the conducted audits of these
about thirty different information systems, we identified a couple of same recurring
problems, like bad smells: whatever was their number of users (from 40 to 8000), the
technologies used and the business domains, all companies encountered a couple of similar
misalignment scenarios.
2.2

Research questions

It was interesting to try to detect the cause/consequence connections for each recurring
problem and potential similarities. The post-analysis conducted on all the information
systems encountering a given problem established the presence of the same obvious, but
wrong, solutions. We noticed that these solutions are commonly (re)used but are usually
ineffective and risks being highly counterproductive [42]. We can formalize our
objective through two main research questions:
1. RQ1: “When faced with recurring alignment problems in different information systems, is
there a same common wrong solution? Are there independent of the business domain?”
2. RQ2: “What are their characteristics? How to formalize them, in order to classify them and
populate a dedicated base?”
The use of the “anti-pattern” expression came from the GOF book [8]: an anti-pattern
distinguishes itself “from a bad habit, bad practice, or bad idea, by being a commonly-used
process, structure of pattern of action that, despite initially appearing to be an appropriate
and effective response to a problem, has more bad consequences than good ones”. This
definition, coupled to our observations and our research questions lead us to use the
expression “Business-IT Alignment anti-patterns” or, for short, “BITA anti-pattern”. We
identified 14 BITA anti-patterns in the considered information systems, and behind each of
them, we identified the same recurring bad scenario. We propose to formalize the
cause/consequence connections and suggest an identity card to document identified BITA
anti-patterns. Before explaining our findings, we first present issues and challenges of BITA.

3

Issues and challenges of Business-IT alignment in information systems
In the context of BITA’s challenges [1], [35], [21], the main encountered issue is
inappropriate and bad coupling between business and IT, mainly:

1. When modifications are directed by IT changes, several side effects are introduced (e.g.,
prohibitive costs, high failure risks or strong coupling).
2. When the business strategy changes, the underlying changes at the IT layer are hindered
because the business is often, especially in legacy systems, embodied in the IT.
It is of importance that the business strategy should not be guided by IT changes: it is of
importance to have loose coupling between business and its underlying IT solutions to cope
more easily with changes. To position our claims, we consider the following layers of an IS:
3.1

Business & IT: the 4 layers of an information system and their relationships

We lean on a four-layer diagram, as often seen in Enterprise Architecture [34], [29], [5],
[18], to articulate issues and pitfalls of Business/IT alignment (BITA). The considered
framework is the four-layer representation of the CIGREF, a network of major digital French
companies and public administrations. This representation (Fig. 1) is widely accepted in by
all French CIOs. This diagram is used to represent information systems by separating their
content in four layers, each relying on the following one:
• Layer 1– Business processes: this layer presents the value definition of the enterprise,
through chained activities to perform the business, like the Business Process Models. It is
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the layer where the digital transformation happens.
• Layer 2– Business functions: is the catalogue of all business functions, generally classified
in five domains: Business, Master Data Management, Collaborative, Common tools and
Business Intelligence.

Fig. 1. Four-layers diagram of an information system.

• Layer 3– Software: represents the applications owned or used by the company. Not all
business functions have corresponding software, as some operations may be entirely manual.
• Layer 4– Hardware: namely hardware and infrastructure supporting the software.
The relationships between the layers have different semantics: Layer 2 exposes business
functions used for the composition of business process of Layer 1. Layer 3 is an
implementation of function of Layer 2 and Layer 4 is the realization of the Layer 3.
3.2

BITA issues on the four layers

Lack of alignment between the two business layers (layers 1 and 2) or between the two
technical layers (layers 3 and 4) is not a critical issue. On layers 1 and 2, only the business
is concerned. Adjustment can be made on processes or functions without generally involving
the IT department. Conversely, adjusting the software (Layer 3) and hardware (Layer 4) to
each other is a pure IT problem and the business is not supposed to be concerned about how
many machines are used or which version of the OS is exploited, as long as business
functions are correctly exposed. The Achilles heel of Business-IT alignment is at the
interface between Business and IT, so between Layers 2 and 3: daily-concerns of functional
and IT people are often non-convergent and their background and skills avec different while
both have to work together towards the same global business objective of the company.
3.3

BITA challenges

A utopic IT system would have a perfect alignment with the business it supports, thus,
between layers 2 and 3. Each business function (element of layer 2) is realized by one, and
only one, software component (element of layer 3), as illustrated in Fig. 2. Of course, this
one-to-one relation is not about number of runtime application processes: there may be as
many as needed provided since they are all based on the same component/version. A more
realistic example of a good alignment is illustrated in Fig. 3. It is a picture of a real company's
organization (details are omitted for confidentiality reasons). The links between layers are of
interest since they show the underlying degree of coupling and dependencies.

Fig. 2. Ideal alignment for simplistic and
elementary information systems.

Fig. 3. Correct alignment for a simple realworld information system.

The main point to notice in Fig. 3 is that a few business functions (layer 2) point towards
the same instance of software (layer 3). In addition, there is no sharing of software across
business domains (the highest-level grouping inside layer 2): the only sharing is between
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functions that are operated by the same organizational direction, or for software that
implements the processes themselves (ERP, middleware or orchestration software for
instance), which is acceptable as it does not convey unwanted coupling. As we can see in
Fig. 2 and Fig. 3, graphical representation helps to propose and understand a global overview
of a complex situation by focusing on points of interest. Graphical summaries have often
been used to concisely explain a pattern (like for Object-Oriented Programming [8] or for
Enterprise Integration Patterns [15]).

4

BITA anti-patterns between layers 2 and 3: recognition and documentation
We remind that we focus on BITA issues between layers 2 and 3 of an information
system. Before presenting identified anti-patterns between these two layers, it is of
interest to first highlight the alignment complexity between business functions (layer 2)
and software (layer 3), especially during the integration:

4.1

Alignment complexity between layers 2 and 3

When a function (layer 2) is realized by a software artefact (layer 3), there is more than
just align²ing the identifiers. A service means a name, a way to be called (including
address, protocol and formats) and a contract. This contract itself being often much more
than a technical one but including, for example, Service Level Agreement details or
conditions of use. The contract, according to us, is the main mean of alignment between
business and IT. Links between layer 2 and layer 3 can be bidirectional: items from layer
2 can be realized by item(s) of layer 3 and item(s) from layer 3 can depend on item(s)
from layer 2. Let’s illustrate, in Fig. 4., how these links had impacts on the information
systems of the advised companies.
Technical coupling
IT overused (directs the business)

Correct indirection
Good balance through the use of contract interface.

Fig. 4. The two integration scenarios between layer 2 and layer 3

₋ Bad situation: Technical coupling (left part of Fig. 4): cooperation is done at the IT layer,
between two pieces of software. This technical coupling is difficult and risky to evolve. An
evolution in the software layer may break the equivalent functional dependency in Layer 2.
₋ Good situation: Correct indirection (right part of Fig. 4): integration of two functions is
indirect: a function is realized by a software and this last implements the integration by
pointing to the needed other function, which is in its turn realized by another piece of
software. This indirection generates low coupling, and the caller can be changed without
impact on the called piece of software and the implementation can be changed without any
impact for the applications that call the function itself, since the contract protects them.
4.2

Identity card for the antipatterns

To characterize the bad BITA situations, we propose the identity card to document the
BITA antipatterns. This identity card ( Fig. 5) has different properties, spread out in three
main parts:
Visualization:

Short name
Description:
Typical cause:

Effect on evolution:
Effect on usability:
Ease of recovery:

Time to recover:
Characterization:
Consequences:
Additional hints:
Fig. 5. Business-IT alignment antipatterns identity card.

1. A general presentation (Visualization, Short name, Description and Typical cause),
2. Four indicators for effects and recovery efforts (Effect on evolution, Effect on usability,
Ease of recovery, Time to recover), with different possible values.
3. Additional information (Characterization, Consequences, Additional hints)
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These properties (explained in Table 2) that have been identified from the industry
standard on backup recovery, using Recovery Point Objective (how much is lost/has
coupling problem) and Recovery Time Objective (how long does it take to go back to
normal/to align the system).
Table 2: Explanations of the identity card of the BITA anti-patterns.
Short name: the name should be consensual for aims of documentation and classification.
Effect on evolution:
₋ None: the antipattern does not hinder the system’s ability to evolve. Its
impact is on other aspects (e.g., performance, ease of use.)
₋ Weak: business evolutions can be implemented, but not as easy as it could
Description:
explains
the ideally be.
₋ Medium: evolution of the system is possible but requires some planning
visual
and analysis.
appearance
(visualization) ₋ Strong: the system is blocked or severely constrained by the antipattern.
of the pattern, Effect on usability:
mainly
the ₋ Non-noticeable: the antipattern has no impact on the business users’ daydependencies
to-day work.
between
the ₋ Low: the users perceive the problem in some situations, with limited
layers.
impact.
₋ Medium: the situation has a significant impact on the business.
₋ High: the IT system is difficult to use; workarounds are common and/or
errors arise in it that can have a measurable impact on the business.
Ease of recovery:
₋ Easy: multi-step, well-documented methods exist to reduce and suppress
the antipattern, with limited or virtually inexistent impact on the users.
₋ Average: the antipattern can be reduced or removed with low impact
Typical
cause: a short providing a careful analysis is realized beforehand.
description of ₋ Complex: removing the antipattern from the system requires an important
the
main analysis effort, while still not being able to ensure that users will not be
reason why the impacted.
antipattern
Time to recover:
may appear in ₋ Quick: the recovery method can be applied with expected results in days or
an IT system
weeks.
₋ Medium: the recovery method needs a few months / sprints to be functional.
₋ Long: the effort to recover will be measured in years (including stabilization
of the business uses after detecting unexpected impacts).
Characterization: a more thorough description of the antipattern.
Consequences: lists the most known problems and their effect on the system.
Additional hints: indicates symptoms that are often associated with the antipattern.
Visualization:
quick visual
identity to the
antipattern
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Illustration with the antipattern #1:

5.1

Description

Visualization:

Short name: Pure technical integration
Description: many items in 3 depends
on several items in 3

Effect on evolution: strong

Effect on usability: none
Typical cause: IT system organization Ease of recovery: complex
led by technical needs instead of
Time to recover: medium
functional
Characterization: software applications call each other directly or through the use of other software, without
any level of indirection or contracting.
Consequences: this causes high degree of coupling, since modifying a given application may have impact on
many others, and thus many other functions or workflows depending on them. The system gets rigid and fragile
to any evolution.
Additional hints: coupling is typically caused by direct software calls to APIs, PL/SQL methods, COM
functions, use of triggers. Middleware, when used inappropriately, also causes coupling, only displacing it in
another software process.
Fig. 6. Pure technical integration anti-pattern

This antipattern “Business evolution implemented through a completely technical
integration”, is the most important one in terms of frequency of occurrence within the
audited systems, of impacts on the information system and its complexity of recovery.
It is first described via its identity card then illustrated through examples before
presenting its main causes, the difficulties it causes and possible solutions to address it.
5.2

Examples

A well-known example of this antipattern is when Extract Transform Load Process
(ETL) or Enterprise Application Integration (EAI) is used to connect directly two

ISD2021 SPAIN

databases. From far, the most-often seen example of this antipattern is, the use of an
ETL to try and integrate the different functions that have to be coordinated. Of course,
there is a need for a technical link somewhere but the right way to create it is definitely
not to do so without any indirection level, like advised in the right part of Fig. 4. Direct
links between two pieces of software in layer 3 (Fig. 6) results in dangerous technical
coupling. Lot of cases have been observed by the authors at customers’ sites where the
ETL was directly connecting two databases without any indirection. Whereas this action
is supposed to make the IT system better by exploiting the richness of interconnecting
business, interconnecting only on the technical layer causes even greater problems. The
link will fail for every non-compatible modification on either side of it. It is important
to notice that this anti-pattern occurs in systems with poorly designed coupling.
5.3

Main causes

This antipattern may be the mother of all business/IT alignment ones we identified. Pure
technical integration affects basically all studied IT systems. The problem typically
comes from the fact that technicians have been trusted to implement interactions
between business functions. However, how competent and willing they were, they
created technical coupling, simply because they worked on their own layer of
competence (layers 3 and 4).
5.4

Difficulties caused by the pattern

An ETL alone makes it for some technical coupling but as far as there is the associated
amount of maintenance, the situation is acceptable. The real difficulties, which have
been observed many times, happen when several ETL tasks are active in sequence (or
even worse, without synchronization) while their chaining is not anymore controlled. It
is the case for systems with poor IT implementation. On a particular occurrence, a
departmental council synchronizing at night five different applications containing data
about individuals and legal entities came to a point where duplications, conflicts and
roundtrips made the whole process collapse. Complete recovery of the process could not
be achieved and several months passed until the situation was cleared. This is the typical
difficulty for banks for instance, of having a process that is completely embedded in the
software and for which knowledge has been lost. In the end, the business rules are in
COBOL and we can no longer rewrite them. Other examples have been observed where
the complexity was not so high in the different information systems, but still caused
problem.
Customer #1

Customer #2

Customer #3

Customer #4

Fig. 7. simple customer's data streams

The diagram in Fig. 7 shows the GDPR-related streams for four different customers.
Each of these sets of streams can be managed independently without too much maintenance
effort, but the difficulty came from the fact that one given piece of software was supposed
to accommodate all these situations. Superimposition of schemas is illustrated in Fig. 8 (a).

(a)
(b)
Fig. 8. (a) Real data streams for all the customers/ (b) Data streams with a
referential

In such a network of data streams, it is particularly difficult to ensure robustness of the
integration, non-occurrence of defaults and non-regression of features. Fig. 8 (b) shows how
the complete system that has been streamlined into well-aligned, contract-based, generic data
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exchanges, following a multi-year effort.
5.5

Possible solutions

The solution that has brought the best results at many times and is now routinely used
by the authors is to add a level of indirection for the targeted business entity (the right
part of Fig. 4). This generally leads to putting in place a service that acts as a referential,
namely the place where the truth is in the system for a given entity. This service is both
functional and software, in the spirit of a nice alignment. This approach gave the diagram
(b) in Fig. 8 of personal data streams after reorganization around a “person” referential.

Fig. 9. Technical view of the reorganization.

A more technical view of the solution is where the orchestration, mediation and
proprietary levels have been clearly separated (Fig. 9). The stream of data shows a much
better control and this design can be made GDPR-compliant. Thus, the right to be
dereferenced can be implemented quite easily and without risk, contrary to the former
architecture.

6

Three other antipatterns
In this section we summarize the 3 other most important antipatterns that occurred
frequently in audited information systems and leave the 10 others for further work.

6.1

Antipattern #2: “The functional silo dedicated IT subsystem”

Description
Dedicated silo
Description: related sets of items on layers 1, 2,
3 and 4 appear to be completely separated from
the rest of the map
Typical cause: the use of a dedicated software
suite has made difficult to interoperate with the
rest of the Information System

Effect
on
evolution:
medium
Effect on usability: low
Ease of recovery: easy
Time to recover: quick

Characterization: a part of the IT system appears to be completely isolated from the rest. This may be the desired
goal in some strong regulatory contexts, but this can also lead to duplicate business functions in other software.
Consequences: the separation of software and hardware resources gives a false impression of autonomy of
functions and processes. However, the mere fact that the silos belong to the same organization almost always
carries a coupling, which one day will become active and cause unexpected coupling.
Additional hints: a first sign of trouble may be that the whole appears as a silo, but the detailed map shows
unassumed technical links between applications or databases. That means that the silo is still viewed as a separate
system whereas, in practice, it has already started to be linked to the rest of the IT system, without these links
being led – let alone known – from the business point of view.

Example
In a fusion or acquisition of a company by another, the capacity to quickly merge human
resources, including salary, vacation, calendars, etc. is essential. The HRIS (Human
Resource Information System), and more generally the HR domain, has a good maturity
in Business/IT alignment, generally because the owners already tried to accommodate
all functions inside a single piece of software. The antipattern happens when the HR
thinks it can operate in IT system independently from the rest of the company’s business
domains, while employees represent entities highly used in other parts of the IT system:
employees have accounts, they connect to the stock application or they are associated to
customer relationships. It is mainly a lack of IT culture when HR think they are
completely separated from the other parts of the IT system.
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6.2

Antipattern #3: “Monolith application”

Description
Visualization

Monolith
Description: many items in level 2 point Effect on evolution: strong
towards a unique item in level 3
Effect on usability: low
Typical cause: dependence on external
software editors

Ease of recovery: easy
Time to recover: long

Characterization: multiple business (unrelated) functions are implemented via the same software.
Consequences: as the software gathers many functions, it has to change to follow different business requirements,
triggering other changes. The system thus becomes more and more fragile.
Additional hints: this antipattern is often accompanied with numerous technical dependencies to the concerned
application. Only people with experience can make modifications to it.

Example
In one of the studied systems, two software applications, out of more than twenty, gather
at least a third of the data streams, representing around half of the links between items
in the level 3. After interview of users, we were able to connect these applications onelevel up to at least ten functions in the level 2. Though it was not clearly visible at first,
these applications thus constitute finally monoliths, as they assemble many different
functional responsibilities. The main cause is generally because non-technical deciders
consider that buying one software that covers many functions will cost less than buying
a dedicated software for each function.
6.3

Antipattern #4: “Functional multiple implementations”

Description
Functional multiple implementations
Description: a single item in 2 points Effect on evolution: strong
toward several entries in 3
Effect on usability: medium
Typical cause: lack of comprehension of
the functional and/or business model

Ease of recovery: average
Time to recover: medium

Characterization: a single business function is implemented by two (or more) distinct pieces of software
Consequences: the implementation of a given function differs depending on the context. Business evolutions are
not necessarily ported in all the implementation and the behavior of the system becomes erratic.
Additional hints: different users in different contexts observe unexpectedly different results from the same
action. Business calculation like prices may differ depending on which application is consulted. Reporting has to
be consolidated to find the truth in the system. Differences in functional or business behavior may also appear
depending on the kind of device used to realize an action on the system.

Example
The business function colloquially called “reporting” used for electronic documents
generation is used by several business functions. Dedicated applications tend to include
it inside their own code, duplicating thus the software behind a single function. One of
the studied IS had more than 40 different implementations. Most of the time, these
applications are themselves monoliths, since they include this function as well as some
others in addition to their main business responsibility. The main cause of this antipattern
is the lack of norms and standards. Lack of a coherent map of the entire IT system or
lack of communication between different owners also participate in this situation.

7

Related works
Surprisingly, most of research works on alignment between business and IT, and also
Digital Transformation, are from the management field [24], [17], [25], [13], [9], [27]
while digital strategy implies to embody IT challenges and changes at the strategic level
of any company. To our knowledge, no work addressed formalization of antipatterns of
Business-IT alignment by considering the four layers of an IT System. Most of
antipattern existing works address a specific paradigm or context: few works addressed
antipatterns to adopt SOA, which is the closest to the four-layers diagram we consider,
like Brown&al [3] that gives a list of antipatterns in a textual format but no high-level
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overview of them. Other works are more tied to IT risk management [33] while some
works address antipatterns in Process Modeling [19], [11], [32]. More recent works use
alignment antipatterns in the context of ontologies [12], [28]. A couple of research works
address alignment issues through the use of norms and pivotal formats using Domain
Driven Design [6, 7], [14], [10]. In [41], authors precise that the developed conceptual
model that detects business-IS strategies misalignment cannot be generalized.

8

Limitations and future work
Limitations: one main limitation of our work is that the analysis has been conducted
afterward and based on observations conducted on the results of the audit of about thirty
companies in their alignment concerns. We need to push forward our findings to ensure
proper generalization and general implications, answer the lack of statistics and avoid
drawing inference too quickly [43, 44]. In addition, we made a couple of assumptions:
the work is mainly about software serving direct business requirements where
modularity and separation of concerns are assumed to be done to a reasonable degree,
which is not always the case. Other facets need to be addressed, e.g., the scale, the
distributed nature, the roles and stakeholder diversity, the types of alignment required
(functional, legal, human factors and socio-technical considerations) or security and
privacy. The overlap between these facets and also the domino effect when
implementing a change need to be considered.
Future work: several future research works are envisaged. From the practitioners’ side,
the first objective is to map out misalignment’s scenarios of companies, to define a
methodology to help detection of antipatterns and filling the identity card and, then,
analyze and confront the results through the proposed anti-patterns. The second
objective is to see if and how we can generalize our findings. Research works like
Seddon & al [43], Wieringa & al [44] or R. Yin [45] represent a good starting point for
this objective. Ideally, we would also like to start to populate a BITA anti-patterns basis
to make it available. In addition, we would like to compare the proposed identity card
with the twelve components of alignment of Luftman & al [46]. They represent the axes
on which the misalignment can be felt, and it would allow to classify the antipatterns
according to the impact they have on each axis, with a radar diagram for example. In the
meantime, we identified a couple of academic research tracks, starting by the state of
the art. We can mention, among them: (i) for what aims BITA antipatterns can be used
and how? For instance, reverse engineering of an IT system on the 4 layers and its
comparison to the antipatterns; (ii) for what kind of systems? We used them on
existing/legacy systems but they can be used as guidelines to avoid bad design of new
IT systems; (iii) for what kind of evolution? They can be used to address refactoring and
improvement of IT systems. Moreover, it is utopic to think that analyzing an existing
system will give a set of “perfect” antipatterns. It is more likely to have a set of partial
antipatterns. One will need to deal with these partial results to evolve the system. In the
context of complex systems, it is important to lean on good visualization means in order
to detect antipatterns (like 3D representation or augmented reality). In any case, it is of
importance to keep in mind the importance of ensuring continuous and qualitative BITA
and by emphasizing on the links between the Business and the IT.
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Conclusion
Although abstraction and best practices for designing applications are now widely taught
and used, stepping back for complete and complex systems are not taught at school but
are learnt from practice, generally after several years. They are in addition taught for IT
people and not for managers. Managers as well IT employees need more formal
frameworks and tools to help them to see more clearly the current and potential future
technology landscapes. BITA issues fall under this category and encounter several
challenges at different levels: strategy, business processes, business functions, software
and the supporting infrastructure. We focused on the software side of BITA, between
the business functions and there underlying software. We considered and analyzed the
results of a 6-years’ experience of audit and advice of about thirty public and private
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French companies in their alignment concerns. We proposed the concept of BITA
antipattern, in the spirit of software patterns and antipatterns widely adopted by
companies [8], [3, 4], [23]. We also proposed an identity card to document antipatterns
that can appear between the layers 2 and 3 of an information system. This identity card
proposes a visualization of each antipattern, its attributes and descriptions with respect
to effect on system evolution, effect on usability or ease of recovery. We detailed our
approach on the most frequent and important antipattern we met and summarized 3 other
common antipatterns. We have identified 10 additional anti-patterns left for future work.
To conclude, we remind that this work is a construction-oriented research and is a
retrospective rather than an in-situ exercise. It aims at proposing insights observed from
industry experience and represents a first milestone for a further research objective to
formalize, apply and enhance the methodology by applying it on companies, and why
not of different countries, and it also aim at opening several research tracks
(methodology, tools to assist the detection, misalignment management and bad
dependencies between business processes and supporting software): there is definitely
room for improvement in developing formalisms, approaches and tools for managers
and IT deciders to help them to cope with IT changes from the strategy viewpoint.
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